The efficacy of various Substrates for measuring serum choline esterase for the evaluation of hepatic function was studied using 0-toluoyl-and succinyl-choline, and acetyl, butyryl-and propionylthiocholine. In hepatic disease, the serum choline esterase activity with these Substrates was decreased at a similar rate, showing no significant difference. In 78 -84% of cases with hepatic cirrhosis the enzyme activity with these Substrates was less than 50% of the average level of normal individuals, but in acute and chronic hepatitis only 4-9 and 12-14% of patients showed these lower values, respectively. The present study indicates the usefulness of sequential monitoring of serum choline esterase activity with any of these Substrates for assessing hepatic disease, particularly cirrhosis, and for monitoring the course of hepatic disease.
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zoylcholine, acetyl-or butyryl-thiocholine (10-12), although there is controversy (13) . In addition, assay at 37 °C is considered to be better than at lower temperature such äs 25 °C (2).
On the other band, for assessing hepatic function no significant difference among acetyl-, butyryl-and propionyl-thiocholine was demonstrated by studying choline esterase activity at 25 °C (14) . At present, no comparative study is available with respect to assay temperature for the evaluation of hepatic function. Recently, 0-toluoylcholine was reported to be a more specific Substrate for the assay of serum pseudocholine esterase (l 5), but its clinical significance is not known. Although succinylcholine is presumed to be the most useful Substrate for detecting the atypical variant of serum pseudocholine esterase (6), its efficacy for assessing hepatic function is also not known.
To obtain further Information concerning the efficacy of 0-toluoylcholine and succinylcholine for measuring serum choline esterase activity in the assessment of hepatic function, enzyme activities with these substrates were studied in various sera at 25 °C and 37 °C, and compared with the activities obtained with acetyl-, butyryl-and propionyl-thiocholine.
Materials and Methods

Materials
o-Toluoylcholine and succinylchojine Chloride were purchased from Kyowa Hakko Kyogyo Co., and Tokyo Kasei Chem. Co., respectively. Choline oxidase, peroxidase, phenol and 4-aminoantipyrine (6, 15) were obtained from Kyowa Hakko Kyogyo Co. Acetyl-, butyryl-, and propionyl-thiocholine iodide, 2,2'-dithiodipyridine (16) and the other regents used were purchased from Nakarai Chem. Co., Japan.
Methods
Patients with hepatic disease at various stages visited our clinic from January to December, 1979, and were studied at randqm with respect to serum choline esterase activity. The diagnosis of 179 patients with hepatic disease was made by clinical, biochemical and histological examination, and by computed tomography, scintigraphy and ultrasound sonication. Of these, 140 patients satisfied predicted criteria for chronic non-active and active liver disease (17 -21) , and also revealed these disorders by morphological evaluation (22) (23) (24) .
The activity of serum choline esterase was measured by the rate assay method previously described, using acetyl-, butyryl-, or propionyl-thiocholine at a concentration 12.5 mmol/1 at 37 °C. 2,2'-Dithiodipyridine was used äs the chromogenic reagent for estimating thiocholine liberated from the Substrate (16) . The activity was also determined with 0-toluoylcholine, 0.5 mmol/1, and succinylcholine, 0.5 mmol/1, by estimating choline liberated from these Substrates using choline oxidase and a coupled enzyme System at 37 °C (6, 15) . -U -12 -10 -8 -6 -t* -2 10 12 Fig. 1. Lineweaver-Burk plots for serum choline esterase in normal subjects and in patients with hepatic cirrhosis.
Results
Effect of
The average values of 5 experiments carried out using sera from normal subjects and hepatic cirrhosis patients are presented. Normal subjects and hepatic cirrhosis with acetylthiocholine o, butyrylthiocholine A and propionylthiocholine D.
Effect of temperature and incubation time on serum choline esterase assay
Increasing the assay temperature from 25 to 37 °C enhanced the enzyme activity. Performance of the assay with propionylthiocholine at 37 °C for a longer incubation time than 7 to 8 min did-not give accurate results under the conditions of this method, owing to non-linearity between enzyme activity and incubation time ( fig. 3 ). However, shorter incubation times, e. g. 5 min, resulted in accurate determinatioris. Using acetyl-, butyryl-, propionyl-thiocholine or otoluoylcholine, serum choline esterase activity in patients with hepatic cirrhosis measured at 25 or 37 °C was significantly decreased compared with that in normal individuals (p < 0.01, tab. 1). The average serum enzyme levels in patients with hepatic cirrhosis, measured with 0-toluoylcholine at 25, 30, and 37 °C were about 29, 31 and 31% of the average levels of normal serum, respectively (tab. 1). Similarly, with acetylthiocholine s Substrate, the corresponding values were 31, 33, and 32% of the respective average levels of normal serum (tab. 1). Similar results were also obtained with butyryl-and propionyl-thiocholine (tab. 1). These ratios of the activity at various assay temperature did not change with the incubation time. With a short period of incubation, e. g. 5 min, the difference in serum enzyme activity between normal subjects and patients with hepatic cirrhosis was greater at 37 °C than at 25 °C (tab. 1). However, at a lower temperature such s 25 °C, and with a longer period of incubation, e. g. 10 min, a better Separation of enzyme activity in serum of normal subjects and in patients with hepatic cirrhosis was obtained, showing no significant difference compared with the results assayed at 37 °C with a short period of incubation. 
Serum choline es l er se levels with various Substrates in normal subjects and patients with various hepatic diseases
In experiment l, the enzyme activity with 0-toluoylcholine s Substrate was assayed at 37 °C and compared with the measured activjties against acetyl-, butyryl-, and propionyl-thiocholine. No significant difference in the average values with all these substrates was observed between normal individuals and patients with acute or chronic hepatitis (p > 0.1), though enzyme activity tended to decrease in patients with chronic active hepatitis (tab. 2). However, in hepatic cirrhosis a marked decrease in enzyme activity with all these Substrates was observed (p < 0.01). A significant difference was observed between acute or chronic hepatitis and hepatic cirrhosis (p < 0.01 in each choline esterase catalytic concentration). In primary and secondary hepatic carcinoma these enzyme activities were also decreased, being at levels similar to thpse of hepatic cirrhosis (tab. 2). In benign cholestatic disorders, these choline esterase activities were within normal limits (tab. 2). The decreased rates of the enzyme activity with these various substrates in hepatic disorders were not significantly different (p > 0.1, tab. 2).
In experiment 2, the serum enzyme activity against succinylcholiiie in hepatic disease determined at 37 °C was compared with that against acetyl-, butyryl·, and propionyl-thiocholine. The serum enzyme activity against succinylcholine was markedly decreased in the serum of patients with hepatic cirrhosis (p < 0.01, tab. 3). The decreased rate of the enzyme activity against succinylcholine in 'hepatic cirrhosis was not significantly different from that for other Substrates (p > 0.1, tab. 3).
A good correlation was observed between the enzyme activities for these different Substrates in Various sera ( fig. 4) .
Frequency of abnormalities of serum choline esterase activity in chronic liver disease
In various hepatic disorders, particularly in hepatic cirrhosis and carcinoma, lower values of choline esterase were observed (tab. 2 and 3). Therefore, an attempt was made to determine the discriminating level for the differentiation of chronic active hepatic disease from other hepatie disease. In these 32 hepatic cirrhosis patients, 12 (37%) had developed the disorder about a year previously, and 5 (16%), 3 (9%), 5 (16%) and 6 (19%) about 2, 3, 4 and 5 years previously, respectively, and one (3%) had had the disorder for over 10 years. Of these, 18 (56%) were postnecrotic cirrhosis, 13 (41%) alcoholic, and one (3%) biliary. In 7 cirrhosis patients with relatively higher choline esterase activity, 4 showed the onset of disease 1-2 years ago, and the other 3 -5 years ago. 
Clinical course of chronic hepatitis with abnormally Iow choline esterase activity and hepatic cirrhosis with relativcly higher choline esterase activity
In 8 of 50 patients with chronic hepatitis studied over a period from January to December 1979 (tab. 2), a lower value of choline esterase below 50% of the average normal level with acetyl-, butyryl-, or propionyl-thiocholine was observed. A follow up study of these patients showed that 6 of these 8 patients had developed hepatic cirrhosis by 1982, resulting in a poor prognosis.
In 7 out of 32 patients with hepatic cirrhosis studied over the period from January to December 1979 (tab. 2), a higher choline esterase activity than 50% of the average normal level with acetyl-, butyryl-, or propionyl-thiocholine was observed. Of these, 3 patients had hepatic cirrhosis for a year, and l, 2, and l patients for 2, 3, and 5 years, respectively. Postnecrotic cirrhosis was seen in 5 patients and alcoholic in 2. A follow up study indicated that 5 of these 7 patients showed a progressive decrease in activity and died by 1983. Of these 5 deaths, 4 were due to bleeding from oesophageal varices and l due to bacterial infection.
Discussion
For the determination of choline esterase activity, various methods have developed with various choline esters. The optimal pH for the assay varies with the type and ionic strength of the buffer, with the substrate concentration, and also with the enzyme variâ nts (2, 25) . The serum pseudocholine esterase had an optimal pH of 8.5-9.0 with Substrates used under the conditions of the present study, agreeing with the results of previous workers (2, 25) . However, a pH of 7.5, äs used in the present work, is generally preferred (2), because there is an apparent increase in spontaneous hydrolysis of Substrate with increasing pH (2) .
Previous studies recommend an assay temperature of 37 °C, since a better Separation of phenotypes occurs at 37 °C than at 25 °C (26) (27) (28) . Similarly, in the present study, 37 °C was superior to 25 °C for assessing hepatic function when the assay was conducted with a short incubation time, e. g. 5 min, because these conditions gave a better differentiation of the decreased enzyme activity in hepatic cirrhosis. However, at 25 °C, the decreased enzyme activity in hepatic cirrhosis was well differentiated when longer periods of incubation, such äs 10 min, were used, Furthermore, in this study the decreased rates of serum choline esterase activity in hepatic cirrhosis measured at 25> 30, and 37 °C were not significantly different. Therefore, if optimal assay conditions were used, no significant difference was observed in the results obtained either at 25, '30, or 37 °C with respect to the assay of decreased serum choline esterase activity for the evaluation of liver disease.
Since butyrylthiocholine is the least labile of the thiocholinesters and because it is relatively specific for human serum pseudocholine esterase (2), it has been recommended and used äs the Substrate of choice for routine purposes (2,29 -31) . Furthermore, otoluoylcholine has been reported to be äs stable äs butyrylthiocholine and more specific for human serum pseudocholine esterase than butyrylthiocholine (15) . Although propionylthiocholine is recommended äs a better Substrate than butyrylthiocholine for the differentiation of the phenotypes of pseudocholine esterase (10 -12) , succinylcholine may be the most suitable Substrate for direct detection of succinylcholine sensitivity (6) .
With respect to the specificity of Substrates for measuring serum pseudocholine esterase for the äs-sessment of hepatic function, Prellwitz et al. (14) have reported that in hepatic cirrhosis and also in chronic hepatitis the activities of serum choline esterase determined at 25 °C with acetyl-, butyryl-, or propionylthiocholine all showed similar decreases, and revealed no significant differences ja the specificities of substrates. Likewise, in the present study the decreased choline esterase activity in hepatic cirrhosis was observed with each of these Substrates. In the present study, each of these Substrates revealed the same decrease of enzyme activity when the assay was conducted at 37 °C, thus confirming the finding of Prellwitz et al at 25 °C. Furthermore, the serum choline esterase activity determined with ö-toluoylcholine and succinylcholine decreased at a similar rate cjompared with the enzyme activity determined with acetyl-, butyryl-, and propionyl-thiocholine. Thus, the present study indicates no significant diffefence in specificity of various Substrates with respect to the evaluation of hepatic function.
Under the conditions of the present study with acetyl-, butyryl-, and propionyl-thiocholine, and ö-toluoylcholine, in 78 -84% of cases with hepatic cirrhosis the enzyme activity was less than 50% of average levels of normal individuals, but in acute and . chronic hepatitis only 4-9 and 12-14% of patients showed the lower values, respectively. In 17 (53%) out of 32 hepatic cirrhosis patients, the onset of disease was within the previous 2 years. Of these 17 patients, 13 (76%) had the lower values. These findings indicate the usefulness of the serum choline esterase assay with any of these Substrates for assessing chronic hepatic disease. Furthermore, the present study suggests that succinylcholine is also useful for evaluating hepatic function.
In addition, the present findings support the contention that sequential measurement of the serum choline esterase activity is valuable for monitoring the course of hepatic disorders (3, 4, 32) . The results of the present study, together with several published comments (3, 4, 32) , suggest that reduction of choline esterase activity to about one quarter of a given patient's normal activity, usually heralds that person's death.
